Among the different environmental stresses, drought is the main constraint that has negative effect on crop production. The objective of this study was to evaluate seven drought tolerance indices, namely the stress susceptibility index (SSI), tolerance index (TOL), yield stability index (YSI), yield index (YI), mean productivity (MP), geometric mean productivity (GMP), and stress tolerance index (STI), to be used in screening drought tolerant durum wheat (Triticum durum) genotypes. For this purpose, 50 genotypes were studied in a randomized complete block design with three replications under irrigated and rainfed conditions during 2013-2014 growing season. The drought tolerance indices were calculated based on grain yield under irrigated (Yp) and rainfed (Ys) conditions. Results of combined analysis of variance showed the significant influences of drought stress on all studied traits except number of total and productive tillers per plant, as well as significant differences among genotypes for all studied traits. Results of correlation analysis showed that GMP, MP and STI indices were able to discriminate between drought-sensitive and drought-tolerant durum wheat genotypes. Based on Principal Component Analysis (PCA) and biplot analysis, genotypes G1, G10, G29 and G41 were identified as drought tolerant while, G13, G21, G23 and G25 were identified as drought sensitive genotypes. Cluster analysis using grain yield under irrigated (Yp) and rainfed (Ys) conditions and drought-tolerance indices divided the 50 genotypes into five groups, therefore this result was consistence with results of biplot analysis.
INTRODUCTION
Durum wheat (Triticum turgidum L. var. durum Desf.) is grown on 10% of the world's wheat area. In spite of its low acreage, durum wheat is an economically important crop because of its unique characteristics and end products (Mohammadi et al., 2011b) . Durum kernels are usually large, golden amber, and translucent. These characteristics, along with its protein content and gluten strength, make it suitable for manufacturing of diverse food products specially pasta and spaghetti (Mohammadi et al., 2011b) . Durum wheat is one of the most extensively cultivated crops under rainfed conditions in Mediterranean environments, where water stress and high temperature are the main constraints limiting productivity (Araus et al., 2002) , although this condition offers an opportunity for the production of high-quality durum . Drought stress is one of the most devastating environmental stresses that depress wheat yield productivity in many parts of the world.
Breeding for drought tolerance is critical for sustainable wheat production in these areas (Li et al., 2011) .
However, breeding for drought tolerance is complicated by the lack of fast and reproducible screening techniques, and the inability to routinely create defined and repeatable drought stress conditions when a large number of genotypes are evaluated (Ramirez and Kelly, 1998) . Achieving a genetic increase in yield under drought has been recognized to be a difficult challenge for plant breeders while progress in yield grain was much higher in favorable environments (Richards et al, 2002 ). Thus, drought indices which provide a measure of drought based on yield loss under drought conditions in comparison to normal conditions have been used for screening drought-tolerant genotypes (Mitra, 2001 ).Grain yield is frequently used in wheat as a main criterion for drought tolerance. Selection for drought tolerance typically involves evaluating genotypes for either high yield potential or stable performance under varying degrees of water stress (Ahmad et al., 2003) .
Drought indices which provide a measure of drought tolerance based on yield loss under drought conditions as compared to yield under normal conditions were used for screening drought-tolerant genotypes (Mitra, 2001 ).
These indices are either based on drought tolerance or genotype susceptibility (Fernandez, 1992) . Drought tolerance is defined by Hall (1993) as the relative yield of a genotype as compared to other genotypes subjected to the same level of drought stress. Drought susceptibility of a genotype is often measured as a function of the reduction in yield under drought stress (Blum, 1988) , whilst the values are confounded with variable yield potential of genotypes (Ramirez and Kelly, 1998) . Rosielle and Hamblin (1981) defined stress tolerance (TOL) as the differences in yield between the stress (Ys) and non-stress (Yp) environments and mean productivity (MP) as the average yield of Ys and Yp. Fischer and Maurer (1978) proposed a stress susceptibility index (SSI) of the cultivar. Stability in grain yield was estimated for each genotype by the SSI derived from the grain yield difference between stress and non-stress environments. Clarke et al. (1992) used SSI for evaluation of drought tolerance in wheat genotypes and found year-to-year variation in SSI for genotypes and their ranking pattern. Guttieri et al. (2001) used the SSI in spring wheat (Triticum aestivum L.) and concluded that SSI values >1
and <1 might indicate above-average and below-average susceptibility to drought stress, respectively. The geometric mean productivity (GMP) is often used by breeders interested in relative performance since drought stress can vary in severity in the field environments over years (Ramirez and Kelly, 1998) . Fernandez (1992) defined a new advanced index, stress tolerance index (STI), which can be used to identify genotypes that produce high yield under both stress and non-stress conditions. Yield stability index (YSI) was computed and suggested by Bouslama and Schapaugh (1984) . This index is calculated for a given genotype using grain yield under stress condition relative to its grain yield under non-stressed conditions. The genotypes with high YSI is expected to have high yield under stressed and low yield under non-stressed conditions (Mohammadi et al., 2010) .
The objectives of this study were to identify durum wheat genotypes with high yield performance across stress and non-stress conditions and to determine suitable selection indices for selecting genotypes tolerant to drought stress conditions.
MATERIALS AND METHODS

Plant material and experimental conditions
Fifty durum wheat (Triticum turgidum var. durum) genotypes (Table 1) Drought tolerance indices Drought tolerance indices were calculated using the following relationships:
(1) Stress Tolerance Index STI = (Yp) (Ys) / (Ῡp) 2 (Fernandez, 1992) (2) Mean Productivity MP = (Yp + Ys) / 2 (Rosielle and Hamblin, 1981) (3) Geometric Mean Productivity GMP = (Yp × Ys) 0.5 (Fernandez, 1992) (4) Stress Tolerance TOL = (Yp -Ys) (Rosielle and Hamblin, 1981) (5) Stress Susceptibility Index SSI = 1 -(Ys / Yp) / SI (Fischer and Maurer, 1978) and SI (Stress Intensity) = 1 -(Ῡs / Ῡp) (6) Yield index (YI) = (Ys / Ῡs) (Gavuzzi et al., 1997) (7) Yield Stability Index YSI = Ys / Yp (Bouslama and Schapaugh, 1984) In the above formulas, Ys, Yp, Ῡs, and Ῡp represent yield under stress, yield under non-stress for each genotype, yield mean in stress and non-stress conditions for all genotypes, respectively. 
RESULTS AND DISCUSSION
Analysis of variance
The combined analysis of variance (Table 2) revealed highly significant (P ≤ 0.01) differences between irrigation regimes for BY, GY, HI, STW, PDW, SPW and GWS. Significant variation between irrigation regimes was observed for TKW and NGW at P≤0.05.
There were no significant differences between the two irrigation regimes in TT and FT. (Table 3 ).
These reductions suggest that BY, GY and GWS are more sensitive to drought stress. Bayoumi et al. (2008) and Chandler and Singh (2008) also reported higher reductions in TKW, BY, GY and HI. Moayedi et al. (2010) noted that the main yield components, which were associated with yield reduction, were number of grains per spike and number of fertile tillers. Dodig et al. (2012) reported that drought stress significantly reduced stem height, total tillering, fertile tillering, number of kernels per spike, thousand grain weights, biological yield per plant, harvest index and grain yield.
Compared to irrigated condition, genotypes had 14.15% increases in HI. There are some reports (Bayoumi et al., 2008; Chandler and Singh, 2008; Dodig et al., 2012) showing reductions in HI under drought conditions, but in some studies, HI increased under drought conditions (Dorostkar et al., 2015; Hutsch et al., 2014) . In this study, ) had the highest and lowest grain yield, respectively (Table 4) . (Hohls, 2001; Dodig et al., 2008) The lowest value of TOL and SSI assigned to G10, followed by G29 and G41 genotypes. A greater TOL value was related to G15, G23 and G25, indicating that these genotypes had a larger grain yield reduction under rainfed condition as compared with their respective controls and higher drought sensitivity. Genotypes G23, G25 and G13 showed the highest amount of SSI. Greater SSI value was confirmed to be an adverse factor for drought tolerance. Rosielle and Hamblin (1981) suggested that a low value of TOL is associated with low sensitivity to stress and selection solely based on this index potentially leads to high yielding genotypes in stress conditions. As this index shows the Yp and Ys difference, high value of Yp or low value of Ys leads to an increase in TOL value, and therefore, genotypes with high TOL have higher sensitivity to drought stress. With regard to YSI genotypes G10, G29 and G41
were found drought tolerant with the highest amount of YSI, while genotypes G13, G25 and G23 were sensitive and showed low YSI. Genotypes G10, G29 and G41 had greater YI values, indicating that these genotypes possessed better yield stability across both conditions, while genotypes G36, G17 and G23 had less YI values.YSI was a more useful index to discriminate drought-tolerance from drought susceptible genotypes (Mohammadi et al., 2010) . Nouri et al. (2011) reported that YSI and YI can be useful parameters for discriminating genotypes that have higher stability and lower susceptibility to stress conditions. condition and irrigated conditions. In other words, these two conditions discriminate genotypes independently. Nouri et al. (2011) showed that the correlation between Yp and Ys was not significant. Golabadi et al. (2006) and Mohammadi et al. (2011a) 
Principal component analysis
Principal component analysis (PCA) using the drought tolerance indices and grain yield under both conditions resulted in a number of linear combinations of these indices that account for most of the variability in the data (Table 6 ).
Considering Eigen values greater than or equal to 1.0 (Lezzoni and Prits, 1991) , the first two components in total, (Kaya et al., 2002) . Using the first two principle components (PC1 and PC2), a genotype × drought tolerance index biplot was created to compare genotypes as well as the interrelationships among drought tolerance indices (Fig. 2) . In the biplot, indices are positively correlated if the angle between their vectors is < 90°, negatively correlated if the angle is > 90°, and independent if the angle is 90° (Yan and Kang, 2003) . This biplot can be visualized from two perspectives. First, it shows the associations among the drought indices across 50
genotypes. Second, it shows the drought indices profiles of -660-the genotypes, particularly those that are placed farther away from the biplot origin (Yan and Frégeau-Reid, 2008 G21, G23 and G25 were identified as drought sensitive genotypes, due to location insensitive to drought stress region (Fig. 2) . nts.
